INTRODUCTION
Rice (Oryza sativa L.) is one of the most consumed cereal worldwide (Ahmadi and Bouman, 2013; Timothy et al., 2016) ; and is one of the most important staples in subSaharan Africa (Bouadou, 2010) , where it serves as the main daily food for many people. Although efforts have been made to increase the production by the improvement of the varieties and farming systems, the average yield is still insufficient to cover community needs. For example, Cote d'Ivoire produces 395,000 metric tonnes, against its demand thus requiring importation of more than 1,190,074 metric tonnes of rice (Mendez et al., 2011; CORAF, 2014) . In order to reduce importation of rice, the Government of Cote d'Ivoire launched in 2012 a national rice development strategy to increase the production by 2020 (ONDR, 2012) .
However, rice production still faces several constraints such as smothering by weeds (Kouamé et al., 2011; Konan et al., 2014) . Weeds cause high rice yield losses that range from 8 to 15% for irrigated rice, and 25 to 30% for the low and upland rice (Johnson, 1997) . Most of the weeds in rice field in many West African countries, including Côte d'Ivoire, are known and some of these are Cyperus difformis, Echinochloa crus-galli, Echinochloa colona, Euphorbia heterophylla, Rottboellia cochinchinensis, Digitaria horizontalis, Fimbristylis littoralis, Ageratum conizoides and Striga hermonthica (Ipou Ipou et al., 2004; Mangara et al., 2010; Kouamé et al., 2011; Konan et al., 2014; Touré, 2014) . Poor management practices of weeds affects the quality and quantity of rice (Johnson et al., 2004) . Weed control remains a major challenge for Cote d'Ivoire, where rice is grown predominantly by small-scale farmers.
Worldwide the best method for controlling weeds currently relies on the use of herbicides (DEAT, 1973) . However, in recent years, these products are increasingly ineffective due to resistance development of many weeds (Powles and Yu, 2010) . In addition, herbicides have negative impacts on environment due to their ecotoxicity (Bedding et al., 1983; Traoré et al., 2006) . In such conditions, it becomes necessary to develop alternative control mechanisms that are less harmful. Traditional knowledge of control can be an important and crucial basis for development of integrated weeds control method.
The objective of this study was to inventory the farmers' knowledge and current management practices of rice weeds in Cote d'Ivoire as a basis for designing effective and environmentally safe control methods in rice production systems.
METHODOLOGY
Study areas. This study was carried out in three rice growing regions of Cote d'Ivoire in West Africa during 2014-2015. Danane and Guiberoua are high rice production areas, with 57 % of total national production; and Ferkessedougou, a medium production zone, with 37 % of total national production (ONDR, 2012) . Danane (7°15'46" N, 8°9'35" W) is located in Western Cote d'Ivoire and characterised by evergreen rainforest . However, the current vegetation appears very degraded. The soils are of highly to moderately desaturated ferralitic types, coming from granite (Avenard et al., 1971) .
According to climate data from 1987 to 2015, climate of Danane ( Fig. 1) is marked by two seasons; a long rainy season from March to November and a dry season from December to February (SODEXAM, 2016) .
Guiberoua (6°14'12" N, 6°10'39" W) is located in Western-central Cote d'Ivoire in a rainforest. The climate is characterised by two seasons; a long rainy season going from February to November and a short dry season extending from December to January (Fig. 1) . Gravelly soils are from granites or shales (Avenard et al., 1971) . Ferkessedougou (9 ° 35 '37 ", N 5 ° 11' 50" W) is in the savannah of Northern Cote d'Ivoire. The sudanian climate of this locality is marked by two seasons (Fig. 1) . A rainy season that extends from April to October and a dry season from November to March during which there is harmattan (SODEXAM, 2016) . Due to these adverse weather conditions, several hydro-agricultural dams have been built in this area to promote rice cultivation (Bezançon, 1995) . The relief of the region of Ferkessedougou is slightly rugged with plains and uplands. Granites occupy most of the northern region.
Sampling. Sample size was calculated using the formula described by Vessereau (1992) :
Where: t = 1.96 at a trust level of 95 %, m = standard error at à 0.037 %, p = average percentage of farmers (0,83) in the three zones. The sample in each area was determined using the quota method taking into account the size of the rural population following the general population census (RGPH, 2014 
Botanical identification of plant species.
Voucher specimens of recorded plants were collected in the presence of rice farmers. Plants were identified using literature by Hutchinson and Dalziel (1954) ; Aubreville (1959) ; Lebrun and Stork (1997); and Arbonnier (2000) , stored at the herbarium of Centre Suisse de Recherches Scientifiques en Côte d'Ivoire.
Data analysis
Type of rice field or multiple cropping practice. To show the dominant type of rice field or multiple cropping practice in the three localities visited, the rates of type rice fields (upland, lowland and irrigated) and intercropping were calculated using the following formula: Rate of use of control methods. Methods used to control weeds were indicated by farmers. For each method, the rate of use was calculated according to the following formula:
Where:
ML (%) = rate of use of each control method, Pm = type of control method used by a farmer NTR = total of rice farmers Degree of agreement. To assess the degree of agreement around each herbicide-dominated plant species, the informant consensus (IC) that translates the agreement of rice farmers who use a plant species in each locality was calculated according to the following formula (Byg and Balslev, 2001 ):
IC =
n is = number of rice farmers who used a species n = total number of respondents
The IC is between 0-1. A low value close to 0 indicates that the informants disagree on the use of a plant. A value close to 1 shows high agreement of respondents on the usage of a plant.
Statistical analysis. Data were statistically analysed using Correspondence Factor Analysis (CFA) with the software Xlstat (2014) and a Chi-square test with Statistical Package for the Social Sciences (SPSS 20.0 software). The CFA allowed to link uses and perception of farmers on the negative effect of herbicides. For the CFA purpose, each species was abbreviated using the three first letters of a genus, with two first of a species (Bayer, 1986) . For herbicide, the three first letters were used. Statistical tools such as Chi-square were used to establish relationships between cultural practices, control methods used, and areas, age of farmers and use of control methods. Chi-square was also used to verify whether knowledge of biological control of weeds is linked to the areas. A pairwise comparison was performed after the Chi-square test, when there were more than two categories, using the procedure of Marascuilo and Serlin (1988) to the threshold α = 5%.
RESULTS
Socio-demographic characteristics of farmers. Results showed that in each production area, women managed most of the rice farms (Table 2) ; and the situation was similar in the 3 sites. Rice farmers' age varied significantly (P <0.05) between areas, ranging from 52-80 for Danane, and 30-40 for Ferkessedougou and Guiberoua.
Education level of farmer varied widely, with the majority at Ferkessedougou (92.5%) and Danane (78.07) having no formal education, although some were able to speak French. In Ferkessedougou, only 5% had secondary school level. Similarly, secondary school level was 7.02 % and 18.52% in Danane and Guiberoua, respectively (Table 2) .
In each locality, farming experience in rice cultivation was from 1 year to more than 30 years. However, there was no significant (P>0.05) difference between the three localities. Land size among farmers ranged from (0.5-1 ha), medium (1.5-3 ha) and large (3.5-9 ha). There was a significant difference (P <0.01) between the size of rice fields in the studied areas; whereby most farmers had small and medium-scale fields. The proportion of rice farmers possessing large-scale farm was 6.67, 3.70 and 3.51% in Ferkessedougou, Guiberoua and Danane, respectively ( Table 2) . Most of the farmers interviewed considered rice cultivation as their main activity.
Cropping practices. The rate of rice field types was statistically different between the production areas (P <0.001). Upland rice fields were predominant in Danane (92.11%), and lowland rice fields in Guiberoua (95%); while wet rice was the most cultivated in Danane (33.33%) and Ferkessedougou (30.17%).
Intercropping was more common in Danane, where 75% of rice farmers associated rice with other food crops such as eggplant, cassava and beans (Table 3 ). The results also showed a significant difference (P <0.001) in this practice between the three areas.
Weeds inventoried in rice fields. A total of 108 weeds was inventoried in rice field; and these were classified in 31 families and 87 genera (Fig. 2) . The most predominant families were Poaceae (25 species), Asteraceae Correspondence Factor Analysis (CFA) allowed to gather weeds by study area. Six weeds were specific at Danane. Nine plant species were linked to Guiberoua and six weeds are specific to Ferkessedougou. Several weeds were common to Danane and Guiberoua. These plant species were Croton hirtus, Euphorbia hirta, Panicum maximum, Imperata cylindrica, Cyperus difformis, Rottboellia cochinchinensis and Panicum laxum (Fig. 2) . The 13 most farmers cited weeds are indicated in Table 4 .
Farmer weed control methods.
Rice farmers had knowledge about four weed control methods, namely manual, chemical, manual-chemical and biological control methods (Fig. 3) . However, manual, chemical and manual-chemical methods were the most used in the three study areas.
The use of manual control, based on hand weeding (75.25%), and machetes and hand hoes (24.75), varied from locality to another (χ 2 (2) = 75.96; P<0.001). In the Danane region, farmers (72 %) used manual control against 40 and 20%, respectively in Guiberoua and Ferkessedougou (Fig. 3) .
Generally, across localities, farmers used sole chemicals for weeds control, with the exception of Ferkessedougou region where 16.3% of farmers used the chemical method alone (χ² (2) = 27.21; P<0.001). Due to the high cost, and negative effects, especially inefficient chemical tools, several farmers preferred manual control. However, they stated this method was labourious to use. So, they often combined chemical and manual methods (χ 2 (2) = 36.13; P<0.001).
Farmer perception of impact of herbicides.
Overall, 2.4 D amine salt and Glyphosate were the active compounds used by the rice farmers in the study region. Farmers were aware of the negative effects of herbicides on humans, crops and environment (Fig. 4) . The farmers also felt that herbicides may bring health conditions such as dizziness, nauseas and headaches. According to 67.68% of farmers, the use of herbicides resulted in the disappearance of microfauna, especially worms and certain insects around fields. Some of the farmers (63.89%) also attributed the loss taste and flavour of rice to the use of herbicides.
Farmer knowledge of herbicidal plants.
Among the respondents, those aged 51-80 had good knowledge about the use of plants in weed control (Fig. 5 ) and allelpathic properties (Fig. 6 ). Up to 21.05% of respondents from Danane had knowledge about herbicide use, while up to 2.41 % from Guiberoua were herbicide knowledgeable. In the Ferkessedougou region, farmers revealed having no knowledge about herbicidal plants (Table 5) .
Seven plant species were recorded for use in weeds control (Table 6 ). The respondents knowledge ranged from 0.2 to 0.44, which were low for all the cited plants. Farmers also indicated having observed allelopathy and 16 plants were cited in this case (Table 7) .
DISCUSSION
Results showed that farmers had knowledge of management practices for controlling weeds such as Cyperus rotundus, Eleusine indica, Oryza longistaminata, Porophyllum ruderale and Rottboellia cochinchinensis. Study farmers mainly used three weed control methods namely manual, chemical and manualchemical. The quality of the rice is unquestionable after using of manual method and is considered 100% natural. Agronomically, this traditional technique is also of interest because it allows a restructuring of the soil surface, better infiltration of water and therefore less runoff (Fontaine et al., 2013) . However, it is tiresome and expensive. This study has revealed that in the three localities visited, manual method is mainly carried out by women. This finding is also made in many Binaté-Fofana, 1996; Doumbia and Tahouo, 2011) . Concerning chemicals, it was noted that farmers generally used herbicides containing glyphosate as the active ingredient. However, they often complained that these products did not kill weeds properly. Many cases of herbicide resistance have been described worldwide (Pratley et al., 1999; Tran et al., 1999; Simarmata et al., 2003; Heap, 2014) . This phenomenon is growing and is a serious problem for farmers.
Farmers in the study reported health problems due to herbicides such as dizziness, nauseas and headaches. To reduce the use of herbicides, some farmers based their strategy of weed control on the cultivation practices or a combination of two control methods. For example, in the Danane region, farmers practiced upland rice in combination with crops such as eggplant, cassava and beans. This multiple cropping practice is suitable for an effective fight against weeds (Diagne, 1995) .
In light of the many constraints such as high cost of herbicides, weeds resistance to herbicides, and intensive labour requirement with manual methods, it is imperative that alternative control methods are explored. Interestingly, the surveyed farmers had knowledge about plants with herbicidal properties. This information was common mostly among 51-80 year age groups. This may be attributable to the fact that old people usually have knowledge because of experience gained over time. In Danane, farmers of this age practiced more rice production and knew by 21% the biological control. For Guiberoua, more young people of 30-40 years devoted to this activity and knew by 2% the biological control.
In view these results, knowledge of biological control is linked to age in the study area. But, in Ferkessedougou, farmers are of similar age (30-40 years) and stated having no knowledge about herbicidal plants. This situation is understandable because the cultivation of rice is part of tradition of Danane nd: not determined. Life form: Gr = Rhizomatous Geophytis; mp = Microphanerophytis; np = Nanophanerophytis; MP = Megaphanerophytis; mP = Mesophanerophytis and Guiberoua people, both of which are high rice production areas located in the forest and are very suitable for growing rice. Rice farmers indicated several plants useful for biological control. Cyperus dilatatus and Alchornea cordifolia were the most commonly used, with consensus indices of 0.44 and 0. 37. Some plants such as Imperata cylindrica and Chromolaena odorata that were indicated viewed in the present study as weeds, were reported in a previous study to have inhibitory effects on the growth of Centrosema pubescens (Rusdy et al., 2015) . In the present study, some farmers aged from 30-40 and 51-80 observed allelopathic effects of some plant species. This may be attributable to the fact that more people of this age practiced cultivation of rice and spent more time in the field, than the other age groups.
